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EXECUTIVE SUMMARY

During winter 2006, the Department of Health Services-Radon Program
conducted an indoor-radon survey of 1,059 residences in Monterey County using
short-term charcoal detectors. In Zip Code area 93924 (Carmel Valley), 24.5
percent of the residences had radon levels at or above 4 picocuries per liter, the
U.S. EPA recommended action level. In two other Zip Code areas, 93905
(Salinas) and 93923 (Carmel), 9.5 and 5.3 percent of the residences measured
at or above 4 picocuries per liter respectively. Based on survey results, not
weighted for location, an estimated 15,668 individuals out of 401,754 (3.9
percent) live in residences with radon levels at or above 4 picocuries per liter in
Monterey County

Through a cooperative agreement with the Department of Health Services Radon
Program, the California Geological Survey compared the radon survey data with
available geology, soil and uranium geochemical information for Monterey
County. Portions of Monterey County having either high, moderate or low
potential for residences with radon levels at or above 4 picocuries per liter were
identified during this activity. Theseradonp ot enti al fAzoneso
1:100,000-scale (1 inch = 1.58 miles) maps of western and eastern Monterey
County included as Plate 1 and Plate 2 of this report.

High radon potential zone areas relate to a group of Monterey Formation
geologic units and adjacent related alluvial units covering 10.9 percent of the
county (361 square miles total). Survey results suggest 25.0 percent of
residences in the high potential zone have radon levels at or above 4 picocuries
per liter. An estimated 2,828 individuals live in residences in this zone with radon
levels at or above 4 picocuries per liter, 549 of which may live in residences with
radon levels exceeding 20 pCi/l. Moderate radon potential areas are related to
certain portions of Monterey Formation geologic units, middle Pleistocene fluvial
terrace deposits, and the Paso Robles Formation and cover approximately 20.2
percent of the county (671 square miles total). Survey results suggest 6.0
percent of residences in the moderate potential zone have radon levels at or
above 4 picocuries per liter. An estimated 3,950 individuals live in residences
with radon levels at or above 4 picocuries per liter within moderate zone areas.
Low radon potential areas cover about 68.9 percent of the county (2,290 square
miles total) and are comprised of a number of different geologic units. Survey
results suggest 1.2 percent of residences in the low potential zone have radon
levels at or above 4 picocuries per liter. An estimated 3,895 individuals live in
residences with radon levels at or above 4 picocuries per liter within low zone
areas. Using the radon potential zone population estimates, 10,683 individuals
out of 401,754 (2.66 percent) are estimated to live in residences with indoor
radon levels at or above 4 picocuries per liter in Monterey County.

*All population figures are based on 2000 census data.

sho



The only way to identify buildings with indoor radon levels exceeding 4 picocuries
per liter is through testing. The map of radon potential zones for Monterey
County in this report can be used as a guide to prioritize areas for public
education on radon and for targeting additional indoor radon testing activities.
This report includes the data and information utilized and describes the approach
taken to develop the radon potential zone map for Monterey County. It also

identifies radon data gaps for Monterey County that could be addressed in the
future if resources become available.

vi
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INTRODUCTION
Purpose

This report documents the procedures used by the California Department of
Conservation, California Geological Survey (CGS), to produce the 2007 radon
potential map of Monterey County for the California Department of Public Health
(CDPH). This report also describes radon potentials for geologic formations in
Monterey County. Only minimal background information on radon and radon
health issues is included, and radon testing and remediation practices are not
discussed. The following websites contain information about radon and health
issues, testing and remediation:
http://www.cdph.ca.gov/healthinfo/environhealth/Pages/Radon.aspx and
http://www.epa.qgov/iag/radon/pubs.

Background Information on Radon and Health

Radon gas is a naturally occurring radioactive gas that is odorless and colorless.
It forms from the radioactive decay of small amounts of uranium and thorium
naturally present in rocks and soils. Typical concentrations of uranium and
thorium for many rocks and soils are on the order of a few parts-per-million
(ppm). The average uranium content for the
2.5-2.8 ppm. Certain rock types, such as organic-rich shales, some granitic
rocks, and rhyolites may have uranium and thorium present at levels of tens to
hundreds of ppm. While all buildings have some potential for elevated indoor-
radon levels, buildings located on rocks and associated soils containing higher
concentrations of uranium will have an increased likelihood of elevated indoor
radon levels.

Radon gas readily moves through rock and soil along micro-fractures and
through pore-spaces between mineral grains. Radon movement away from its
site of origin is typically limited to a few meters to tens of meters because of the
relatively short half-lives of radon isotopes (3.8 days for radon-222, 55.6 seconds
for radon-220 and 3.96 seconds for radon-210), but movement may be hundreds
of meters in some cases. Additional conditions, such as soil moisture content,
also affect how far radon can move in the subsurface. Because radon-222 (a
radioactive-decay product uranium-238) has the longest half-life of the several
radon isotopes, it is usually the predominant radon isotope in indoor air.

Radon gas moves from the soil into buildings in various ways. It can move

through cracks in slabs or basement walls, pores and cracks in concrete blocks,

through-going floor-to-wall joints, and openings around pipes. Radon enters

buildings from the soil when air pressure inside the buildings is lower than air

pressure in the soil. When exhaust fans are used, inside air is heated, or wind is

blowing across a building, the buildin g 6 s i nt er nal air pressure i
Because radon enters buildings from the adjacent soil, radon levels are typically


http://www.cdph.ca.gov/healthinfo/environhealth/Pages/Radon.aspx
http://www.epa.gov/iaq/radon/pubs
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highest in basements and ground floor rooms. Radon can also enter a building
in water from private wells. All ground water contains some dissolved radon gas.
The travel time of water from an aquifer to a home in a private well is usually too
short for much radon decay so radon is available to be released in the house
during water usage, for example through use of a bathroom shower. However,
radon gas from water typically accounts for only about 5 percent of the total
radon in indoor air (WRRTC, 1997).

Breathing air with an elevated level of radon gas results in an increased risk of
developing lung cancer. Not everyone exposed to radon will develop lung
cancer. However, the estimated annual number of lung cancer deaths in the
United States attributable to radon is 15,000 to 22,000 according to the U.S.
Environmental Protection Agency (U.S. EPA) (U.S. EPA, 2002). The average
radon concentration for indoor air in American homes is about 1.3 pCill,
(picocuries per liter) based on a 1991 national survey (U.S. EPA, 1992). The
average radon concentration in outdoor air is about 0.4 pCi/l. The U.S. EPA
recommends that individuals avoid long-term exposures to radon concentrations
O4.0 pCi/l. Based on long-term radon test statistics, the U.S. EPA estimates that
more than 6 million houses (about 1 out of 15) in the United States have radon
levels 4.0 pCi/l and more than 60,000 homes have radon levels above 20 pCi/l
(U.S. EPA, 1992).

Although radon levels are used as a guide for acceptable levels of exposure and
for action levels, it is primarily the inhalation of two radon daughter elements
polonium-218 and polonium-214 that leads to lung cancer. These elements have
very short half-lives and when they enter the lungs they attach to lung tissue or
trapped dust particles and quickly undergo radioactive decay. This is in contrast
to the longer-lived radon-222 that is mostly exhaled before it undergoes
radioactive decay. The alpha particles emitted during decay of polonium-218
and polonium-214 are thought to cause cancer by damaging the DNA
(deoxyribonucleic acid) in lung tissue cells, resulting in abnormal or tumorous cell
growth (Brookins, 1990).

The most common radon testing methods utilize either charcoal or alpha-track
type detectors. These detectors are exposed to the air in a building according to
the manuf act ur eandtlsen sem © & lahoratory for analysis.
Charcoal detectors are usually exposed for a few days under closed building
conditions (a short-term test), while alpha-track detectors are typically exposed
for periods of weeks or months to as long as a year under normal building
conditions (a long-term test). These tests are simple and inexpensive and
homeowners can do this testing themselves. Test results are reported in units of
picocuries per liter (pCi/l). Longer-duration measurements (alpha-track detector
measurements) have an advagetageéetimebause t hey
fluctuations in radon levels that relate to factors such as weather changes.
Consequently, long-term measurements should be more representative of long-
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term average radon levels. However, short-term measurements are more
common because of the shorter time required.

Use and Limitations of Radon Potential Maps

Radon potential maps are maps that identify areas where geologic conditions are
more likely to contribute to excessive indoor radon levels. They are intended to
assist federal, state and local government agencies and private organizations in
targeting their radon program activities and resources. These maps are not
intended for determining which buildings have excessive indoor radon levels. In
addition to geology, local variability in soil permeability and climatic conditions,
and factors such as building design, construction, condition, and usage may
influence indoor radon levels. Consequently, radon levels for a specific building
can only be determined by indoor radon testing of that building, regardless of
what radon zone it is located within.

DEVELOPMENT OF THE MONTEREY COUNTY RADON POTENTIAL MAP
Radon Mapping Overview

The CGS-CDPH Radon Program radon potential maps show areas, called radon
potential zones, where residences have relatively high, moderate or low
probability for indoor-air with ©4.0 pCi/l radon levels. Since 2005 (Churchill,
2005 and 2006), radon zones for these maps have been broadly defined on the
basis of short-term indoor radon tests as follows:

High Zoned 20 percent or more C')4.,O pCi/l indoor-measurements
Moderate Zoned 5 to 19.9 percent O4.0 pCi/l indoor-measurements
Low Zoned less than 5 percent O4.0 pCi/l indoor-measurements

These definitions make it easier to compare the radon zones between counties.
For example, the highest zones in Counties A, B and C might have 25 percent,
35 percent and 8 percent O4.0 pCi/l indoor-measurements respectively. Using
the above definitions, the highest zones in Counties A and B would be classified
as having high radon potential while the highest zone in County C would have
moderate radon potential. In the previous approach, qualitative ranking of zones
on a county by county basis, sometimes resulted in situations where zone
classification in one county would have dramatically different O4.0 pCill
percentage than the same zone classification in an another county. For the
example cited here, this alternative approach would have classified the highest
zone for County C in the high radon potential category as for Counties A and B,
even though the County C high zone has a much lower percentage of ©4.0 pCi/l
indoor-measurements.

Development of radon zones involves the following steps and considerations:



1)

2)

3)

4)

5)
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Indoor-radon data are grouped by geologic unit, or geologic unit and soil
unit (where appropriate digital soil maps are available)

The different geologic unit or geologic unit-soil unit areas are classified as
having high, moderate or low indoor-radon potential based on their
percentage of O4.0 pCi/l measurements. Units with 20% or more indoor
measurements 04.0 pCi/l are classified "high" potential, units with 5 to
19.9% 0O4.0 pCi/l measurements are classified "moderate" potential, and
units with < 5% 0O4.0 pCi/l measurements or no measurements are
classified low potential unless other information is available supporting a
higher classification status (see item 3).

Indoor-radon measurements from about 25 to 30 different sites, distributed
over the areal extent of a unit, are considered necessary for a reliable
assessment of the unit's radon potential. A provisional "Moderate™ or
"High" radon potential may be assigned some units having less than 25
measurements (if many or all of the available indoor measurements
exceed 04.0 pCill, if several measurements exceed 10 or 20 pCill, if the
same unit elsewhere in California is known to have moderate or high
radon potential, or if other data such as airborne or ground gamma-ray
spectrometry or uranium data from soil or sediment samples suggest
elevated indoor-radon potential for the unit).

The final high-potential and moderate-potential radon zone areas are the
aggregate of high potential unit occurrences and moderate potential unit
occurrences respectively, each with an added 0.2 mile wide buffer zone.
If high and moderate potential buffer zones overlap, the high potential
buffer zone takes precedence. Where sufficient indoor-radon data and
soil unit data are present, these data may support modification of the final
high and moderate zone boundaries by restricting high or moderate zone
boundaries to certain soil unit boundaries or using geologic unit
boundaries, without a 0.2 mile wide buffer zone, as the high or moderate
zone boundaries. All areas not classified as high or moderate radon
potential are considered low radon potential.

Finally, indoor-radon data populations for the high, moderate and low
potential zones are statistically compared using a difference of mean t-test
or a Mann-Whitney Rank Sum test, as appropriate, to confirm that the
zones are statistically different in radon potential. If the zones differ
statistically, the radon potential zone development process is complete
and the final potential zone areas are plotted on a 1:100,000-scale base
map. If zones do not differ statistically, classification boundary
adjustments may be made, or a radon potential zone category may be
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added or dropped so that the radon potential zones indicated on the final
map are statistically different.

Faults and shear zones are not indicated on 1:100,000-scale radon potential
maps. Portions of radon zone areas underlain by faults and shear zones may
have increased potential for elevated indoor-radon because such features
provide pathways for radon flow. However, faults and shear zones are not
identified separately on the 1:100,000-scale radon potential maps because the
minimum fault or shear zone width that can be depicted by a map line at this
scale is about 150-200 feet while fractures of an inch width or less can be
significant pathways for radon movement to a buildings foundation. Soil and
alluvium may obscure fault and shear zones from recognition or prevent their
precise location on geologic maps except where detailed site-specific
investigations have been conducted. Consequently, at 1:100,000-scale
mapping, it is better to base priority for indoor testing on zone designation rather
than attempt to target fault and shear zone locations. It must be kept in mind that
the only way to determine the radon concentration it a particular building is to do
an indoor radon test, irrespective of geologic or soil information. All radon zone
categories will have some buildings with indoor radon levels O4 pCi/l. Where
situations require a local detailed investigation of indoor radon and fault or shear
zone relationships, accurate fault or shear zone maps of 1:24,000 or more
detailed scale should be used or developed to guide testing.
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MONTEREY COUNTY SHORT-TERM INDOOR-RADON SURVEY RESULTS
Overview

A survey of 1,059 Monterey County homes conducted by the California
Department of Public Health--Radon Program between January 10 and May 12,
2006 generated the indoor-radon data for this project. The CDPH Radon
Program solicited participation in this survey via direct mailing to 34,958
homeowners in Monterey County. Three percent of homeowners (1,059) agreed
to participate. The survey participants received a free charcoal detector, which
they placed and exposed according to instructions, and subsequently mailed to
the Radon Program contract lab for measurement.

Figure 1 shows the distribution of CDPH radon survey locations in Monterey
County. Forty-one locations had results that equaled or exceeded 4.0 pCi/l and
these are shown in Figure 2. The data range from 0.2 pCi/l (the detection limit)
to 25.1 pCi/l. Table 1 summarizes survey results by Zip Code Zone.

Radon Survey Data Exposure Information and Quality

Most residents (81.5%) exposed their detector kits for 48 hours (Appendix A).
Eighty-nine duplicate tests were made during the survey and the results are
listed in Appendix B. For 20 sites below 1 pCi/l, 78.4 % of the test pairs differ by
0.3 pCi/l or less with an overall range of 0.0 to 0.8 pCi/l. For 51 sites with
measurements between 1 and 10 pCi/l, 50% of test pairs differ by 0.6 pCi/l or
less with an overall range of 0.1 to 1.2 pCi/l. For the one site above 10 pCi/l the
test pair results were 25.1 pCi/l and 8.3 pCi/l. The placement of these two
detectors with respect to each other at this site is not known and may be a factor
here. A single charcoal detector previously placed at this site tested 16.5 pCi/l.

Follow-up Testing

Twenty-five radon survey sites had follow-up indoor radon tests (Appendix C).
The period between the initial site test and follow-up testing ranged from 3 days
to 57 days. Eighty-four percent of retested sites did not change in status from
the initial test with regard to being O4 pCill or < 4 pCi/l. Of 12 sites initially
testing > 4 pCill, 8 retested O4 pCi/l and 4 sites retested < 4 pCi/l. One site
initially testing 22.1 pCi/l retested 19.2 pCi/l 49 days later.

Two sites initially testing of 44.9 and 28.4 pCi/l were retested with 4 detectors 39
days later and 2 detectors 29 days later respectively. The 6 follow-up detectors
ranged from 0.2 (detection limit) to 0.8 pCi/l. These two sites are located within
the Qe geologic unit (Eolian deposits, i.e., coastal dunes) on BbC (Baywood) soil.
As is reported in Table 3 below, 142 additional sites on this geologic unit and soil
were tested during the Monterey County indoor-radon survey and all results were
less than 2.5 pCi/l. Three of the 142 sites are within 200 and 400 feet of these
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Figure 1. CDPH Short-Term Radon Tests for Monterey County

Figure 2. CDPH Short-Term Radon Test Resultsd 4.0 pCi/l or Greater



